Aim To compare perinatal morbidity and mortality for babies delivered in water with rates for babies delivered conventionally (not in water). Design Surveillance study (of all consultant paediatricians) and postal survey (of all NHS maternity units).
Introduction
In the 1980s few clinicians offered delivery in water. 1 2 By 1993 all maternity units in England and Wales had managed labour or delivery in water and nearly half had installed birthing pools. 3 Perceived advantages include women feeling relaxed 4 and more autonomous than in conventional deliveries 5 -although a review of three randomised controlled trials 4 6 7 of labour in water showed no clear beneficial or adverse effects on mother or baby. 8 The main advantage claimed for delivery in water is a gentler experience for the baby. Reports of possible adverse effects-hypoxic ischaemic encephalopathy 9 and one death attributed to labour taking place in warm water 10 and infection due to delivery in water [11] [12] [13] -raise theoretical causal links. Only one report of a baby who died with waterlogged lungs 14 is clearly attributable to delivery in water. No studies, however, have yet compared maternal or paediatric outcomes in similar groups of women delivering in water and delivering conventionally (not in water).
We conducted national surveys of maternity units and paediatricians to determine the risks of death or admission for special care for babies delivered in water and identified clinical findings that might relate to the use of water. We compared these results with rates for women at low risk of complications during labour or delivery who delivered conventionally.
Methods
From April 1994 to April 1996 (25 months) all 1500 consultant paediatricians in the British Isles were surveyed each month by the British Paediatric Surveillance Unit 15 and asked to report whether or not they Using standard questionnaires, clinicians responsible for the mother and her child provided data about the labour, delivery, use of water, the baby's condition, diagnoses, ventilator and treatment requirements, and reason for admission for special care or death.
We evaluated underreporting of deaths by comparing our findings with reports to the confidential inquiry into stillbirths and deaths in infancy, a mandatory, regional notification scheme. Regional coordinators were contacted to determine whether any deaths after delivery in water had occurred in addition to those reported to the investigators.
A postal questionnaire was sent to all NHS maternity units in England and Wales in 1995 and again in 1996 to determine the total number of deliveries in water during the study period. Methods are described elsewhere. 16 No non-NHS units or non-NHS midwives were included in the survey.
We analysed the data using EpiInfo version 6, and confidence limits are based on the Poisson distribution.
Results

Survey of maternity units
Of 219 maternity units surveyed, 217 responded (213 in 1995 and 184 in 1996). We used the numbers of deliveries in water in England and Wales reported for calendar years 1994 (n = 1881) and 1995 (n = 2093) and for January-March 1996 (n = 528) to estimate the number for the period April 1994 to March 1996 (n = 4032). This constituted 0.6% of all deliveries. In all, 9% (380/4032) of deliveries in water took place at home; 83% (3328) of deliveries in water took place in southern England, 16% (633) in the northern English regions, and 2% (71) in Wales. Reports for 3304 (82%) deliveries were derived from written records; 502 (12%) were based on good estimates; and the rest were based on rough estimates. On the basis of returns from units that responded to only one survey (assuming no unit closures or change in the number of deliveries), the denominator was underestimated by 219.
Survey of paediatricians
Of 96 reports of perinatal death or admission for special care after delivery in water during the study period, 64 fulfilled the case definition; of these, 53 were reported through the British Paediatric Surveillance Unit and 11 directly to the study coordinator from one unit carrying out a large number of water births. The remaining 32 reports were duplicates, 12 made in error, 9 or concerned births that occurred outside the study period. 11 No additional deaths were notified by the confidential inquiry into stillbirths and deaths in infancy. Thirty seven of the 64 reports involved delivery in water; in the other 27, only the labour took place in water.
Water conditions
No information was given about water temperature for 26/64 births. In many instances the temperature was described as comfortable or not known. In 12 cases the recorded temperature was ≥ 38°C (maximum 41°C). Women who delivered in water spent more time immersed (median 185 (range 45-510) minutes) than women who were in labour in water but who delivered conventionally (150 (15-610) minutes).
Babies delivered in water
The reported numbers of perinatal deaths or admissions for special care after delivery in water were 31 in southern England, 5 in northern England, 1 in Scotland, and none in Wales, Northern Ireland, or the Irish Republic. Of the 37 women, 35% (13/37) delivered at home, 51% (19/37) were primiparous (this was their first registrable pregnancy), 3/37 had labour induced and 2/37 received pethidine.
Perinatal mortality in babies delivered in water
There were 5 perinatal deaths among the 4030 live births in water in England and Wales (perinatal mortality 1.2 per 1000 live births (95% confidence interval 0.4 to 2.9) (table 1). Two babies were stillborn, one after a concealed pregnancy delivered unattended at home with no previous antenatal care. The other stillbirth was diagnosed before immersion. All three postpartum deaths were associated with abnormal pathological findings: one baby died aged 3 days with neonatal herpes infection; one died aged 30 minutes with an intracranial haemorrhage after precipitate deliv- 24 Any standard primiparous women (14 546) who did not have a spontaneous, normal vaginal delivery or had missing data about perinatal death or admission to special care were excluded, leaving a total of 10 307 births (11% of the total) for analyses.
ery; and the third, who died aged 8 hours, was found to have hypoplastic lungs at postmortem examination.
Risk of admission for special care in babies delivered in water
In all, 35 babies in the British Isles-of whom 32 survived and 3 later died-were admitted for special care within 48 hours of delivery in water ( ; and "freshwater drowning" (1, who had hyponatraemia)).
Hypoxic ischaemic encephalopathy grade 2 or 3 9 or perinatal asphyxia was reported in 5 surviving children (2, 2, and 1 respectively), including the baby in whom freshwater drowning was diagnosed (rate 1.2 per 1000 live births (0.4 to 2.9)). Evidence of infection was reported in 2 babies who survived with pneumonia: in 1, group D streptococci were isolated from the maternal high vaginal swab; in the other, group B streptococci were isolated from the baby's skin swabs.
In the 32 survivors, 15 had other diagnoses or reasons for admission. Five babies had a snapped umbilical cord (of whom 1 required a transfusion, 1 developed hypoxic ischaemic encephalopathy grade 2, and 1 had a chromosomal abnormality). One further baby had a chromosomal abnormality; one developed hypoxic ischaemic encephalopathy grade 3 and had transposition of the great arteries; three had stridor; and one had shoulder dystocia. No clear reason or diagnosis was given for the remaining 4 babies.
Outcomes in women who were in labour in water but delivered conventionally
No mortality or morbidity rates can be derived for babies born to women who were in labour in water but delivered conventionally as the denominator is unknown. Six deaths were reported, including 3 stillbirths (2 unexplained and 1 intrapartum asphyxia attributed to the umbilical cord wrapped 5 times around the neck); 2 deaths in the first week of life (one attributed to the sudden infant death syndrome and the other to hypoxic ischaemic encephalopathy grade 3 in a baby with necrotic cerebral lesions at postmortem examination suggestive of antepartum hypoxia), and one death at 28 days after hypoxic ischaemic encephalopathy grade 3 attributed to severe shoulder dystocia. The 6 women whose babies died left the water between 30 minutes and 6 hours before delivery.
Discussion
The risks of perinatal death or admission for special care in babies delivered in water are based on small numbers and have wide confidence intervals. Underreporting is also possible. No additional deaths were identified through the confidential inquiry into stillbirths and deaths in infancy, and it is unlikely that any were missed. Underestimation of the denominator for NHS units is likely, however, as such deliveries are unusual and may not be routinely recorded. The figure for perinatal mortality is therefore probably an upper estimate. In contrast, we could not verify the reported admissions for special care. Underreporting of such admissions is likely. *Based on principal diagnosis or reason for admission. †Four babies were counted twice. Of 3 babies with lower respiratory tract problems, 1 also had group D streptococci infection, detected from a maternal high vaginal swab; 1 also had group B streptococci infection, detected from surface swabs; and a third (freshwater drowning) also had hypoxic ischaemic encephalopathy grade 2. One baby admitted with hypoxic ischaemic encephalopathy grade 3 also had transposition of the great arteries. ‡One baby was counted twice. The baby admitted with hypoxic ischaemic encephalopathy grade 2 also had a snapped cord. 24 Any standard primiparous women (14 546) who did not have a spontaneous, normal vaginal delivery or had missing data about perinatal death or admission to special care were excluded, leaving a total of 10 307 births (11% of the total) for analyses.
Comparison with conventional deliveries
Comparable "low risk" deliveries include women who book and deliver at home and those who have no adverse obstetric history and undergo spontaneous, normal vaginal, non-instrumental delivery. Published and unpublished rates for these groups are shown in tables 1 and 3. The perinatal mortality observed in our study was similar to the rates for (a) home deliveries, (b) the extremely low risk women who constituted 4% of hospital deliveries in North Staffordshire, 17 and (c) the low risk women whose deliveries constituted 11% of all deliveries in the North West Thames region (unpublished data). Rates were slightly higher for women who delivered in Scotland, but this group included women with obstetric problems who were admitted for 24 hours or less during pregnancy.
Compared with low risk women who delivered conventionally in the North West Thames region-the largest dataset limited to spontaneous, normal vaginal deliveries at term in low risk women-our data are not compatible with an increased perinatal mortality risk of greater than 3.6 (relative risk for delivery in water 0.9 (99% confidence interval 0.2 to 3.6)). The data are compatible, however, with a small increase or decrease in perinatal mortality in babies delivered in water compared with babies not delivered in water.
Rates of admission for special care of babies born to low risk primiparous women (constituting 11-16% of all deliveries in the North West Thames region and Scottish 18 studies respectively (table 3) , were significantly higher than for babies delivered in water. One explanation for the relatively low rate of admission for special care after delivery in water is the selectivity of this approach. Women with an adverse obstetric history or who develop problems during pregnancy or labour are not likely to deliver in water. The risk of perinatal mortality or morbidity in those who do deliver in water is therefore extremely low. Other explanations include underreporting of admissions after delivery in water or the limit to admissions within 48 hours of birth; differing thresholds for admission in Scotland or the North West Thames region overall, compared with units that offer delivery in water; and a genuine low risk of morbidity in babies delivered in water.
Specific clinical problems
No comparative data are available for the risk of lower respiratory tract problems in babies of low risk women who delivered conventionally. Two admissions for water aspiration, however, may have been attributable to delivery in water, and similar cases have been reported in the literature. 14 19 In lambs, inhibitory mechanisms that prevent breathing until contact with cool air can be overridden by sustained hypoxia. 20 In theory, therefore, some babies with unrecognised chronic hypoxia may gasp underwater.
The risk of hypoxic ischaemic encephalopathy grade 2 and 3 in term babies has been estimated to be about 2 per 1000 live births (95% confidence interval 1.6 to 2.9), 9 21 similar to the rate for deliveries in water (1.2 per 1000 live births (0.4 to 2.9)). As the antepartum and intrapartum events that cause hypoxic ischaemic encephalopathy are uncertain, the suggestion that immersion in warm water may limit heat loss, affect fetal thermoregulation and cerebral blood flow, and increase oxygen requirements is theoretical. 10 Maintaining water temperature at or below blood temperature, however, would seem advisable. The lack of information on water temperature in 40% of reported cases in our study indicates room for improvement.
Our findings neither support nor refute concerns based on case reports of pseudomonas infection [11] [12] [13] that water increases the risk of transmission of gut organisms from mother to baby. Reporting of five cases of snapped umbilical cord was an unexpected finding, although we found no published data on the risk of this complication in conventional deliveries. We postulate that bringing babies immediately to the surface of the water results in rapid cord traction over a longer distance than would be the case for conventional deliveries. Increased awareness of this potential problem and lowering of the water level before delivery may avoid such traction.
Use of water during labour with conventional delivery is common practice but not always recorded, so no reliable denominator data are available. It would be surprising, however, to find an increased risk of death or admission for special care in these women as they spent less time in water than women who delivered in water.
Conclusion
What implications do our findings have for practice? The similarity in perinatal mortality and morbidity in low risk women suggests that delivery in water does not substantially increase adverse perinatal outcomes. Overall rates may, however, mask specific benefits and harms, such as water aspiration or snapped umbilical cord. Owing to the small numbers in all studies of low risk women, we could not determine whether the low mortality and morbidity in babies delivered in water could be further reduced by conventional delivery.
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x Data on adverse effects of delivery in water have been limited
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Funding: Department of Health. Paraoxonase (paraoxonase/arylesterase) is an antioxidative enzyme in high density lipoproteins, which protect against coronary disease. 2 3 It eliminates organophosphorus pesticides but also the products of lipid peroxidation. 2 4 The mutation at position 54 of the paraoxonase gene in which methionine is substituted by leucine (Met54Leu) has an effect on paraoxonase, increasing its activity; people who have the methionine allele show decreased paraoxonase activity. 4 Only a few studies have looked at the association of the Met54Leu polymorphism with coronary disease, 2 5 and the findings are inconclusive. Thus we carried out a prospective study of the role of this polymorphism on the risk of acute myocardial infarction in healthy men from eastern Finland.
Participants, methods, and results
Our prospective nested case-control study was carried out among participants in the Kuopio ischaemic heart disease risk factor study. We examined 2682 (83%) of 3235 invited men aged 42, 48, 54, or 60 during 1984-9. Blood samples were collected and risk factors assessed at baseline. A DNA sample was available for this study for 1137 men who were free of coronary disease. We registered and verified all myocardial infarctionsdefinite or possible-between the baseline examinations and the end of 1995. 3 The mean follow up time was 8.5 years, and in patients who had had multiple infarctions we considered only the first.
The cases were all 55 men (among the 1137) who had had an infarction by 1995. The controls were drawn from the remaining members of the same cohort. Two controls for each case (110 men) were matched according to the most important non-genetic risk factors for myocardial infarction in the Kuopio ischaemic heart disease risk factor study cohort. For the 165 men, paraoxonase genotypes were determined by using a polymerase chain reaction method with Hsp92II enzyme digestion. 4 We used logistic regression modelling to analyse the association of paraoxonase genotypes with the risk of myocardial infarction.
Of the cases, 13 (24%) were homozygous for the M allele (MM), 22 (40%) were heterozygous (ML), and 20 (36%) did not carry it (LL). Of the controls, 11 (10%) had an MM genotype, 54 (49%) an ML, and 45 (41%) an LL. In a logistic model adjusted for the other strongest risk factors the odds ratio for the MM genotype was 3.38 (95% confidence interval 1.17 to 9.83; P = 0.025) ( 
